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■ 1 (54) CATALYTIC PROCESS FOR THE PURIFICATION 

OF TEREPHTHALIC ACID 

■ (71) V/c, JOHNSON MATTHEY CO., Limited, a Dritish Company, of 
43 H.aUon Garden, London, ECIN 8EE, do hereby declare the invention, for v/hich 
v/e pray that a pcitenl may be granted to us, and the method by which it is to be 
performed, to be parlicularly described in and by the following statement: — 

.This invention is concerned v/ith improvcmenls in and relating to catalysts. 
More particularly, the invention provides a process for the catalytic hydrogcnation 
of impurities in terephtliaiic acid so as to yield terephthalic acid of sufficient purity 
foriisc in the production of polyester fibres by a process which includes the direct 
cstcrificahon of the acid with a glycol. 

In the manufacture of polyester fibres, such as Terylene (Registered Trade 
. Mark) fibres by a process of the type Just refcrrt:d to, terephthalic acid is typically 
esterificd with ethylene glycol to yield bis - hydroxy - ethylene tcrephthalate 
(bisHET) as follows:— 
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The resulting bisHet is then converted, to polyethylene tcrephthalate by a 
process of polycondensation: — 



10 



15 



nbisHET- 



-HO 



CH2.CH2.OOC 




COO 



-CH2CH2OH 



Terylene 

The process as just outlined has the merits of simplicity and economy but it 
does require the use of terephthalic acid of very high purity. Terephthalic acid rnay 

20 be prepared by oxidising p-xylene with permanganate or by a catalytic oxidation 20 

process employing bromine as the catalyst. None of the available methods of 
producing the acid by the oxidation of p-xyicne, hov/evcr, will normally yield an 
... acid of sufficient purity. loc direct, csterification. in. the production of polyester. ... 
fibres. The principle impurity. in terepliihahc acid made by this oxidation route is 4- 

25 carboxybcnzaldehyde, an intermediate product in the oxidation of p-xylene to 25 

terephthalic acid, in wliich one of the methyl groups is fully oxidised to a carboxylic 
acid group but in which the other group is oxidised, only partially, to an aldehyde 
group, as follows: — - 
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COOH 

4-cxirboxybcn2a!dGhydc 
Two other impurities which may exist in*thc icrephthaiic acid are: — 



p-to!uic acid 



COOH 



CHO 

terephthaldehydc 

CHO 



These are again intermediate products in tiie oxidation of p-xylene. 

The p-toiuic acid is very much more soluble in water than lerephthalic acid 
and therefore may easily be removed therefrom. 

The two aldehyde species, 4-carboxybenza!dehyde and terephthaldehydc, on 
the other hand, both of which adversely affect the polycondensalion sta<;e and both 
of which vitiate the quality of any resulting polyester fibre and give rise to a rapid 
yellowing of fabrics made therefrom, cannot be removed in the same way. They 
may, however, very conveniently be removed by hydroge.nating them respectively 
to P7toIuic acid and p-xylene as shown: — 
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and it is an object of the present invention to provide a.catalytic process whereby 
this hydrogenation mav conveniently and expeditiously be effected. 

The advantages of hydrogcnating the aldehyde impurities in mipure 
tcrephihalie^ acid, and, especially the impurity 4-carboxybcnzaldehydc, have 
previously been recognised and, indeed, a 0.5 wt% palladium on charcoal catalyst is 
'used for the purpose. 

\Vc have now discovered, however, that the reduction of 4- 
carboxybcnzaklchyde and other aldehydes takes place in two stages and that when 
the conventional palladium on charcoal catalyst is used, the rate of reaction during 
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the second slaRc is very sijinificanlly lower than during the first staj^c During the 
rirsl slapc at least some of ihc aldehyde (CHO) groups arc reduced to a co ho 
(CI LOl-0 groups whilst, during the second stage, al least some of these alcoho 
groups arc further reduced to methyl (CH3) groups and the saturated product 
5 appears. The present in .xntion provides a catnlytic process for the purification ol 5 

tercpluhalic acid by the hydrogenation of aldehyde impurUics therein whereby the 
second stage of.the hydroiicnation process previously referred to during which the 
alcohol groups aie reduced to methyl groups, is significantly speeded up as 
compared with the corresponding rate of reaction when a conventional palladium 
10* on charcoal catalyst is used, without, at the same time, markedly affectmg the rate lu 
of reaction during the first stage. r 

The catalytic process as just described will, throughout the remainder of the 
specification, be referred to as a '^catalytic process of the type herein described . 
It will, therefore, be appreciated that a catalytic process of the type herein 
15 described yields tcrephthalic acid which is sufficiently pure to permit its direct n 

esterificrtion v/ith glycol in the manufacture of polyester fibre. 

According to the invention, a catalytic process for 'he purification ol 
tcrephthalic acid by hydrogenation of aldehyde impurities includes treating a 
/ solution of tcrephthalic acid with hydrogen gas in the presence of a catalyst 
20 comprising two or more of the metals platinum, palladium, rhocuum, ruthenium 2U 

osmium, iridium, iron, nickel, cobalt, chromium, nianganesc, and uranium and ot 
which at least one of the said two or more metals is platinum or palladium. 

Preferably: ^ , 1 • . j 

(a) . the catalyst- used in . a catalytic process, of the , type herein described . . 
comprises one or more of the pairs of metals: — 

palladium : ruthenium 

palladium : osmium 

palladium : iridium 

palladium : rhodium 

palladium : platinum 

platinum : rhodium 

palladium : iron 

palladium : nickel 

palladium : cobalt 

palladium : chromium 

palladium : manganese 

palladium : uranium 

(b) the metals of the catalyst may be alloyed together although ihey niay also 
be more loosely associated than in an alloy. They may, for example, be in the form 

40 of a simple mixture or of an intimate, essentially homogeneous, mixture which is 

other than a mere pliysical admixture. - • ^ - 1 

(c) the catalyst metal is deposited on or associated with a support. 

(d) the support is in the form of carbon particles or granules, within the size 

range of 4 to 8 BS Mesh. . • .- , . * 4<; 

45 (c) a catalytic process of the type herein described is carried out at elevated 4^ 

temperature and pressure, for example, at 280''C and 1500 p.s.i. 

Although reference has been m.ade to a support in the form of particles or 
cranulcs, the support may also be in the form of a carbon, ceramic or metal 
honeycomb structure. In the case of a non-carbon structure, the structure is 
SO nrcfcrablv coated with a carbon or a carbonised material. 

One way in which the invention may be put into effect is to allow an aqueous 

solution of impure tcrephthalic acid to How downwards through a catalyst packed 
column with hydrogen gas Oowing upwards through the column. The Process 1^ 
typically conducted at a temperature of 300-C and at a pressure of about 15Q0 
n si the purified tcrephthalic acid is recovered from the treated solution by 55 
crvstallisation and nitration and the filtrate then recycled. The p-toiuic acid and p- 
xylcnc it contains is thus subjected to the hydrogenation process in the column 
together with fresh tcrephthalic acid solution introduced into the column, 
1 We have obtained very promising results using a bimetallic catalyst containing 

60 0 4 wt% palladium and 0.1 wt?/„ platinum on 4 BS Mesh carbon particles. Typica y, 60 

-. - I. -we iKive found that the rate of hydrogen uptake.per unit weight of cata yst with the 

h^.^.^..^ . 'paMadium/platinum catalyst just referred to is 20% higher than with a catalyst 
'tte/t.u^ f^cf rJ/cj consisting of 0.5 wt% palladium on 4 BS Mesh carbon particles. 
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WHAT V/E CLAIM IS:— u u 

1. A catalytic process for the purification of tercphlhalic acid by Ihc 
hydrogcnation of aldehyde impurities includes treating a solution of tercphlhalic 
acid with hydrogen gas in the presence of a catalyst comprising two or more 9^*^*^^ 
metals platinum, palladium, rhodium, ruthenium, osmium, iridium, iron, nickel, 
cobalt, chromium, manganese and uranium and of which at least one of the said 
two or more metals is platinum or palladium. r r 

2. A process according to Claim 1 wherein the catalyst is selected from one ot 
the following: — 

palladium : . ruthenium 

palladium : osrnium 

palladium : indium 

palladium : rhodium 

palladium : platinum 

platinum : rhodmm 

palladium : »>"pn 

palladium : "»ckel 

palladium : cobalt 

palladium : chromium 

palladium : manganese 

palladium : uranium 

3. A process according to Claim 2 wherein the metals of the catalyst constitute 
^n alloy 

4. A process according to Claim 2 wherein the metals of the cat.-lyst are in the 
form of a mixture. ^ , . , ... . i • 

5. A process according to Claim 3 or Claim 4 wherein the catalyst metal is 

deposited on a support. . . r r u ,\ 

6. A process according to Claim 5 wherein the support is in the form of carbon ^ 
granuies within the range 4 to 8 BS mesh. ^ , . . , , • 

7. A process according to Claim I wherein the treatment of the said solution is 
carried cut at elevated temperature and pressure. 

8. A process according to Claim 7 wherein the temperature and pressure are 
280''C and 1500 p.s.i. respectively. • n >i ♦o/ 

9 A process according to Claim 1 wherein the catalyst comprises 0.4 wt/„ 
palladium and 0.1 wt% platinum supported on 4 BS mesh carbon particles. 

10 A process for the purification of terephthahc acid by the hydrogcnation of 
aJdehydic impurities in which the aldehydic impurities include 4- 
carboxybenzaldehyde and/or tcrephthaldchyde and the purification process 
involves catalytically hydrogenating the impure terephthahc acid to convert 4- 
carboxyben7.aIdehyde and tcrephthaldchyde therein to p-toluic acid and P;xylene, 
respectively, by a reaction mechanism which includes first converting the aldehyde 
(CHO) groups to alcohol (CH^OH) groups and then converting the. latter to methyl 
(CFI,) groups characterised in that the hydrogcnation of the impure terephthahc 
acid is carried out by contacting an aqueous solution of the impure acid with 
hydrogen gas, as the sole gaseous reactant, in the presence of the catalyst denned m 
Claim I, the catalyst functioning to improve the speed at which the alcohol groups 
are converted to methyl groups without markedly affecting the speed of the initial 
conversion of aldehyde groups to alcohol groups. . . . 

11 A process according to Claim 10 wherein after said contacting step he 
tercphlhalic acid is crystallized and filtered from the remaining solution and he 
filtrate is recycled to the catalytic hydrogcnation step for hydrogcnation with the 
impure tcrephthalic acid. 
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